The health hazards generated from textile and dye industries wastewater which are most carcinogenic and they poses a danger to human and aquatic biota. The present work investigates the degradation of dye pollutants such as Eosin yellow (EY) and Brilliant green (BG) under visible light irradiation using SnO 2 /Fe 2 O 3 /Ag nanocomposite. This nanocomposite was prepared by hydrothermal route and characterized by various instrument techniques like XRD, FTIR, FESEM, EDS, HRTEM, UV-Vis DRS, PL and UV-Vis spectrophotometer for determine its crystalline phase, morphology, bandgap and photocatalytic efficiency. The photocatalytic activity of nanocomposite was tested on both dyes EY and BG under visible light irradiation and the experimental results declared that this composite shown better photocatalytic activity in basic solution degraded 93% of BG and 95% of EY in 75 min and 60 min, respectively under the normalised conditions such as basic pH, 30 mg catalyst dose and 10 mg/L of dye solution concentration without any oxidants such as H 2 O 2 . This is due to lower bandgap energy of SnO 2 /Fe 2 O 3 /Ag nanocomposite (1.78 eV) and thus shows the red shift, making it active in the visible region, resulting in higher photocatalytic activity. This was proved by compare the photocatalytic efficiency with SnO 2 and SnO 2 /Fe 2 O 3 shown lesser photocatalytic degradation efficiency over EY and BG under visible light irradiation.
Introduction
Dyes are coloured compounds and industrial effluents which are released into water bodies, resulting in high quantity released in environment as non-biodegradable, cause severe problem to all living organisms [1, 2] . The dyes for example Eosin yellow and Brilliant green which are most carcinogenic and they poses a danger to human and aquatic biota due to mutagenic and carcinogenic effects [3] . To resolve the environment concern, we have to remove these dyes from contaminated water by degradation into non-toxic compounds [4] . Till to date, the treatment methods such as precipitation, chemical oxidation, coagulation-flocculation, adsorption, filtration and reverse osmosis have been developed but they require additional treatment and high cost [5, 6] . However for dye degradation, advanced oxidation processes (AOP) such as photo Fenton, Fenton, ozonisation, photolysis, semiconductor based photocatalysis have been found to be most effective techniques [7] .
Researchers have shown great interest on semiconductors (like TiO 2 , ZnO, CuO, Nb 2 O 5 and WO 3 ) with photocatalytic activity is among the most important compounds which are currently being utilized in complete decolourisation of organic dyes and toxic chemicals. Among them, SnO 2 , a n-type with wide bandgap energy of 3.62 eV and widely used in various fields such as Li-ion battery, solar cells, photocatalysis, photo electrochemical material and solid-state gas sensors, due to it has excellent optical, electrical properties, nontoxicity and high chemical stability [8, 9] . The wider bandgap semiconductor does not show any absorption in the visible region [10] . Many research groups have attempted to reduce the band gap of wide bandgap semiconductors from UV-region to visible region in order to harness maximum region of solar spectrum. Such attempts include doping/co-doping with metal/non-metal ions, compositing with activated carbon/CNT/graphene and coupling with narrow bandgap semiconductors [11] .
In order to improve the response sensitivity and selectivity of SnO 2 , nanocomposites composed of SnO 2 with other metal oxides such as α-Fe 2 O 3 , ZnO, TiO 2 , CuO or with noble metals like Au, Pt, Pd [12, 13] were investigated. Among, Fe 2 O 3 is n-type with narrow bandgap semiconductor (E g = 2.2 eV) and has versatile applications in gas sensors, electrochemical electrodes and photocatalysis [14, 15] . The photocatalytic activity can be greatly enhanced by combining semiconductor to Fe 2 O 3 . However, few drawbacks in Fe 2 O 3 are the diffusion path length of holes is very short (2-4 nm), low energy conversion efficiency, small optical absorption coefficient and its oxidation ability is low [16] . Recently, SnO 2 -Fe 2 O 3 composites have been reported to exhibit better cycling characteristics than pristine SnO 2 or Fe 2 O 3 due to the presence of metallic components during conversion reaction [17] . Besides that, Ag composite with metal oxides will enhancing the photocatalytic activity by improves the charge transfer between dye molecules and metal oxides.
Hence, we considered it worthwhile to develop a nanocomposite SnO 2 /Fe 2 O 3 /Ag that we report the synthesis, and characterization of SnO 2 , SnO 2 /Fe 2 O 3 , SnO 2 /Fe 2 O 3 / Ag nanocomposite and were tested for their photocatalytic activity by the degradation of dyes such as Eosin yellow and Brilliant green under visible light irradiation.
Experimental Section

Materials
Tin chloride (SnCl 4 ·5H 2 O), sodium hydroxide (NaOH), ferric nitrate (Fe (NO 3 ) 3 ·9H 2 O), ethanol (C 2 H 5 OH) were procured from Sigma-Aldrich, India and used without further purification. The Eosin yellow and Brilliant green dye stuffs were purchased from Himedia Lab, India. Milli Q water was used for preparation of dye solutions and in synthesis of materials.
Preparation of SnO 2 /Fe 2 O 3 /Ag Nanocomposite
Preparation of SnO 2 /Fe 2 O 3 /Ag was fabricated in a simple process, hydrothermal approach. In a typical procedure, a powder Fe 2 O 3 with SnCl 4 ·5H 2 O, and NaOH in 40 mL of Milli Q water was added to AgNO 3 solution. This mixture was transferred into a Teflon-lined stainless autoclave and then heated at 200 °C for 5 h. The obtained product was washed with ethanol and water. Then product was dried in oven at 70 °C for overnight. The same procedure is followed for the synthesis of SnO 2 /Fe 2 O 3 without added of AgNO 3 . Similarly, pure Fe 2 O 3 [2] was synthesized using 10 mL of 0.1 M FeCl 3 ·6H 2 O and 10 mL of 1 M NaOH taken in beaker and stirred for half an hour, this slurry transferred into Teflon lined stainless steel kept in controlled hot air oven at 180 °C for 24 h. The product was collected, washed and dried in aforementioned.
Preparation of SnO 2 Nanoparticles
In simple process, 2 mM tin chloride was added into 40 mL basic mixture of ethanol and water (1:1, v/v). Subsequently, 0.1 mM sodium hydroxide was added, which were stirred until it dissolves. The obtained mixture was transferred into a Teflon-lined stainless autoclave and then heated at 190 °C for 12 h. After completed the reaction, the autoclave was allowed to cool down to room temperature. The resulting greyish white powder was separated by centrifugation and washed several times with water and ethanol. Finally, the powder was dried in oven at 70 °C for overnight.
Materials Characterization
The surface morphology and structure of the SnO 2 , SnO 2 / Fe 2 O 3 and SnO 2 /Fe 2 O 3 /Ag were investigated using field emission scanning electron microscopy (FESEM, JSM-6610LV, Jeol Asia PTE Ltd, Japan), pure phase was confirmed by X-ray diffractometer (Bruker D8 AXS GmbH, Karlsruhe, Germany) with CuKα source. The interactions were identified using Fourier transform infrared spectroscopy (IR prestige 21, Shimadzu, Japan) over the scan of 500-4000 cm −1 . The bandgap energy was measured with ultraviolet visible diffuse reflectance spectroscopy (UV-DRS, Shimadzu 2600R) using BaSO 4 as reference. The photoluminescence spectra were recorded on fluorescence spectrophotometer (Perkin Elmer LS55). The UV-visible spectra were recorded at room temperature using UV-Vis spectrophotometer (Shimadzu 2600) at the wavelength of 200-800 nm.
Photocatalytic Activity Assay
The photocatalytic activity of prepared nanocomposite was investigated using an aqueous solution of two dyes such as Eosin yellow (EY) and Brilliant green (BG). The catalytic reactions were carried out in a photoreactor equipped with a 300 W Metal halide lamp (cut off filter 380 nm) as a source of visible light irradiation. Initially, 100 mL of aqueous solution of 10 mg/L of EY dye solution was taken in 250 mL beaker and water was circulated around the photoreactor to avoid heating of solutions during experiments. 30 mg of the photocatalyst was added to the dye solution and stirred for about 30 min to reach the adsorption-desorption equilibrium between dye molecule and catalyst surface. For photocatalytic studies, at regular time intervals, 4 mL of the reacted EY solution was taken; centrifuged and UV-visible spectrum was recorded at a wavelength of 515 nm. Further, the photocatalytic experiment was carried out using another model dye BG at wavelength 625 nm using prepared nanocomposite. The percentage of degradation of dye was calculated from the following Eq. (1) where, C0 is the initial absorbance of the dye solution and C is the absorbance at interval time "t". From the Langmuir-Hinshelwood kinetics model, the photocatalytic rate constant (k) was calculated by using the following empirical Eq. (2)
Results and Discussion
The XRD patterns of SnO 2 , SnO 2 /Fe 2 O 3 and SnO 2 /Fe 2 O 3 / Ag were characterized, as shown in Fig. 1 . The XRD patterns of SnO 2 shown the corresponding planes (110), (101), (200), (211), (220), 002), (310), (301), (202), and (321) at 2θ = 26.5°, 33.8°, 37.9°, 51.7°, 54.5°, 58.2°, 61.3°, 65°, 71.2°, and 78.7°, respectively and compared with standard JCPDS no. 41-1445 ( Fig. 1a ) [16] . The XRD patterns of (1) Percentage of degradation of dye = (C0−C)∕C × 100
prepared Fe 2 O 3 were located at 33.9° (104), 40° (113), 51.7° (024), 54.5° (116), 61.5° (214) and 65° (300) and results are displayed in Fig. 1b (standard JCPDS no. 33-0664) [16] . Figure 1c represents the peaks of Ag by additional peaks located at 37.9° (111) and 78.4° (311) planes of Ag (JCPDS no. 65-2871) [18] . No extra impure peaks are observed related to SFA composite means it can be concluded that the synthesized composite are completely composed of SnO 2 , Ag and Fe 2 O 3 . The average crystal size of prepared samples was calculated by using Debye-Scherrer Eq. (3) where 'k' is Scherrer constant (0.9), 'λ' is 1.5406 Å, 'β' is the full width at half maximum (FWHM) of the catalyst and 'θ' is the diffraction angle. It was found to be the SnO 2 / Fe 2 O 3 /Ag (16.89 nm) have small in size than SnO 2 /Fe 2 O 3 (21.41 nm) and SnO 2 (29.56 nm) ( Table 1 ). This is due to the addition of Fe 2 O 3 and Ag particles into SnO 2 matrix.
The morphology of prepared photocatalyst was studied using FESEM. The morphology of the photocatalyst plays great role in enhancing its photocatalytic activity [19] . Noticed from FESEM images of SnO 2 /Fe 2 O 3 /Ag nanocomposite ( Fig. 2a, b) , lower aggregation and better distribution of irregular tiny clusters of large numbers of nanoparticles. Conclude that surface area increase with decrease in size for SnO 2 to SnO 2 /Fe 2 O 3 /Ag nanocomposite, resulting Fig. 3 . All the characteristic peaks of prepared samples have shown the same wavenumber but in SnO 2 /Fe 2 O 3 /Ag nanocomposite, slightly shifted from their original position because of Fe 2 O 3 and Ag nanoparticles into matrix, and composite was synthesized by hydrothermal route. Apart, the spectra showed peaks at 540 and 632 cm −1 , confirmed the presence of Fe 2 O 3 except in Fig. 4a and another peak is at 1382 cm −1 corresponded to C-OH groups. The C=O group was confirmed by presence of peak at 1647 and 935 cm −1 . The broader peak is at around 3415 cm −1 which assigned to O-H vibrations [20] . where 'λ' is the maximum absorption wavelength, Table 1 illustrates the 1.78 eV bandgap for the SnO 2 /Fe 2 O 3 /Ag ). In photocatalysis process, hydroxyl radical (·OH) have great attention for oxidation reactions due to its short span and high reactivity. Organic compound coumarin is used as a fluorescent probe, react with ·OH and form the 7-hydroxy coumarin [20] . To this 100 mL of 10 ppm solution, added 50 mg of SnO 2 /Fe 2 O 3 /Ag photocatalyst under visible light irradiation. 5 mL of solution was collected at regular 30 min and analysed using PL with excited wavelength of 422 nm. But there is no excitation with no visible light which confirmed the visible light irradiation is great responsible for formation of hydroxyl radicals is shown in Fig. 5 . Hence, SnO 2 /Fe 2 O 3 /Ag nanocomposite revealed the enriched in formation of hydroxyl radicals under visible light irradiation [22] . The PL intensities are found to be high for the pure SnO 2 and Fe 2 O 3 samples. But the intensities completely change when they are mixed in different proportions due to the synergistic effect of the band energy positions of these materials with respect to one another for the smooth transfer of charge carriers [23] .
Photocatalytic Activity of SnO 2 /Fe 2 O 3 /Ag
Photocatalytic Degradation of EY
The photocatalytic degradation efficiency of SnO 2 /Fe 2 O 3 / Ag nanocomposite was executed by the degradation of model dye, Eosin yellow (EY) under visible light irradiation. Initially, the photocatalyst (50 mg) is dispersed in 10 mg/L of EY solution (50 mL) and stirred for 30 min in dark condition. Later, it was irradiated with visible light and collected the reaction sample at regular time intervals which were analysed by UV-Vis spectrophotometer. The degradation efficiency of SnO 2 /Fe 2 O 3 /Ag nanocomposite was found to be 95% over EY solution at pH 9. Figure 6 displayed that synthesized composite possess better photocatalytic activity than SnO 2 /Fe 2 O 3 (79%) and SnO 2 (31%) is due to lesser bandgap energy composite as discussed in earlier. Then, optimizing of photocatalyst is very essential to achieve higher degradation efficiency of the catalyst. To find out the optimum conditions for degradation of EY using prepared composite, experimental conditions such as catalyst dosage, pH and initial concentration of dye solution are varied in the following manner. Obtained results from different experimental parameters that would affect the photocatalytic efficiency of nanocomposite. Therefore it is necessary to optimize those parameters to accomplish greater degradation efficiency of prepared nanocomposite by the degradation of EY dye solution under visible light. Figure 6d implies the straight lines can be tailored which allows to determine superficial first order kinetic constants follows the order SnO 2 
Effect of Initial pH on Photocatalytic Degradation of EY
Effect of initial pH has been studied by varying three different initial pH solutions such as pH 5, 7 and 9 under kept constant such as catalyst dose of 30 mg and initial dye concentration, 10 ppm of EY dye solution. Initially, SnO 2 /Fe 2 O 3 / Ag nanocomposite was tested on photocatalytic degradation of EY under visible light irradiation. At pH 9, the maximum degradation percentage was noted than pH 5 and 7 are shown in Fig. 7 . The degradation efficiencies of composite are 97, 72 and 45% at respective pH 9, 7 and 5. The radicals like hydroxyl (·OH) formed so easily reacting with adsorbed molecules on the surface of catalyst, hence the rate of degradation increases at pH 9 and similar behaviour on the photo degradation of other dyes have been reported earlier [24] . Moreover, when the pH is greater to pH 9, the degradation of EY further increases, and becomes constant, might be due to the increase of more hydroxyl radicals and results in attraction with dye molecules, which will lead to high adsorption of dye molecules on the catalyst surface. Therefore, for better adsorption of the dye on the catalyst surface, the surface must be the pH 9 maintained for degradation of EY dye under visible light irradiation by SFA composite.
Effect of Catalyst Dosage on Photocatalytic Degradation of EY
To study the effect of catalyst dosage on the degradation of EY, a series of experiments were conducted to get optimum catalyst loading by varying the selected catalyst dosage ranging of 10 mg, 20 mg, 30 mg and 50 mg at a fixed pH 9 and concentration (10 mg/L) of EY dye solution and they degraded EY with 100, 97, 84 and 54%, respectively. With the increase of catalyst dosage up to 50 mg rate of degradation increases, since the active surface becomes constant, the number of photons absorbed and the number of dye molecules adsorbed are increased with respect to an increase in the number of catalyst molecules (Fig. 8) . Beyond a certain number of catalyst dosage the dye molecules are not sufficient for adsorption by increased number of catalyst molecules. Therefore, overdose of catalyst powder is not effectively involved in the photocatalytic activity rather increase in the turbidity of the solution, which intercept the penetration of light transmission due to formation of agglomeration of the catalyst particles [25] .
Effect of Dye Initial Concentration on Photocatalytic Degradation of EY
The effect of initial EY concentration on degradation using SnO 2 /Fe 2 O 3 /Ag nanocomposite is illustrated in Fig. 9 . The influence of initial concentration of EY on the rate degradation was studied from 10 ppm to 20 ppm at a fixed dosage of selected photocatalyst (30 mg) using a solution of pH 9. Increasing of photocatalytic degradation occurred with an increase in the concentration of dye from 10, 15 up to 20 mg/L and degradation decrease after increasing of excess dye concentration with the degradation efficiencies 97, 78 and 57%, respectively. This may be attributed to the fact that as the concentration of the dye increase, more dye concentration will be available for excitation and energy transfer [9, 26] which increases the percentage of degradation, but above the limit due to the fact that at the higher concentration dye start covering the active surface of photocatalyst as blanket and intercepting from light intensity [4] that decreases degradation. The simulated visible light photoreaction of the EY dye solution with the selected nanocomposite shows relatively satisfactory results. But in the absence of nanocomposite, no dye degradation observed. These rate values indicate the rate of degradation of EY in acidic medium. The optimised conditions for degradation of EY using SnO 2 /Fe 2 O 3 /Ag nanocomposite are 30 mg catalyst dose, pH 9 and initial concentration 10 ppm of EY dye solution.
Photocatalytic Degradation of Brilliant Green (BG)
Based on the results of photodegradation of EY dye, the SnO 2 /Fe 2 O 3 /Ag nanocomposite was tested on another model dye, Brilliant green (BG). As used optimised conditions in EY degradation, same conditions adopted for degradation of BG dye solution by photocatalyst are 30 mg catalyst dose, pH 10 and initial concentration 10 ppm of dye solution. The photocatalytic degradation efficiencies of SnO 2 and SnO 2 /Fe 2 O 3 nanocomposite were also studied on BG under Fig. 10d .
Possible Mechanism for Photocatalytic Degradation of Dyes
The possible mechanism for photocatalytic degradation of EY and BG dyes using SnO 2 /Fe 2 O 3 /Ag nanocomposite under visible light irradiation is schematically explained in Fig. 11 . Initially, this composite was irradiated with light then the electron jumps from valence band (VB) leaves holes (h + ) to conduction band (CB) then forms electron (e − ). The h + and e − are reactive species with water molecule and form ·OH and ·O 2 − radicals, which are directly reacted with dye molecules on photocatalyst surface and degraded the dye pollutants into CO 2 and H 2 O [18] . Furthermore, the valence band (VB) is much more positive than that of SnO 2 while the conduction band (CB) of Fe 2 O 3 is slightly more negative. This leads to enhance the driving force of holes transfer when compared to electron transfer. Both SnO 2 and Fe 2 O 3 acted as photoactive centres and a strong interaction of dye molecule with catalyst surface is necessary [27] . Hence, the charge separation efficacy may arise through the solid interfacial contact in SnO 2 /Fe 2 O 3 /Ag nanocomposite, reducing the recombination of electron-hole pair and thus improving the photocatalytic activity. Besides that, the presence of Ag shown significant photocatalytic efficiency due to conduction electrons of the particles, charge transfer, high density of conduction electrons and have much better affinity [28] .
Conclusion
In this paper, the SnO 2 /Fe 2 O 3 /Ag nanocomposite was synthesized by simple approach, hydrothermal under normal conditions. This nanocomposite was further characterized by series of instruments like XRD, FTIR, FESEM, UV-DRS and PL spectroscopy. However, this nanocomposite was tested for its photocatalytic activity on EY and BG dye pollutants under visible light irradiation. The SnO 2 /Fe 2 O 3 / Ag nanocomposite acted as benign photocatalyst for the degradation of dyes EY and BG under visible light in 1 h with no add any oxidants.
